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KAPAAN, Clair DRUET, Thomas Wilhelm FUCKS, Jacobus 
ZWARTS, Johannes Albertus WINDEN VAN, Andries 
Christian RTNSMA, and Jiri GURKA 

Application No.: U.S. National Stage of PCT/NL99/00303 

Filed: November 9, 2000 Docket No.: 107775 

For: SCREW ACTUATOR, AND BRAKE CALLIPER COMPRISING SUCH ACTUATOR 

PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination and after entry of the annexes to the International 
Preliminary Examination Report, please amend the above-identified application as follows: 
IN THE CLAIMS : 

Please amend claims 4, 7-11, 15-16, 20-21, 24-31, and 34 as follows: 

Claim 4, line 1, change "any of the preceding claims" to —claim 1— . 

Claim 7, line 1, change "any of the preceding claims" to —claim 1— . 

Claim 8, line 1, change "any of claims 1-6" to —claim 1—. 

Claim 9, line 1, change "any of the preceding claims" to —claim 1—. 

Claim 10, line 1, delete "and 9". 

Claim 11, line 1, delete "and 9". 

Claim 15, line 1, change "any of the preceding claims" to —claim 1— . 
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Claim 16, line 1, change "any of the preceding claims 4-15" to --claim 4-. 
Claim 20, line 1, delete "and 19". 

Claim 21, line 1, change "any of the preceding claims" to -claim 1~. 
Claim 24, line 1, change "any of the preceding claims" to -claim 1-. 
Claim 25, line 1, change "any of the preceding claims" to -claim 1~. 
Claim 26, line 1, change "any of claims 1-24" to -claim 1-. 
Claim 27, line 1, change "any of claims 1-24" to -claim 1-. 
Claim 28, line 1, change "any of the preceding claims" to -claim 1-. 
Claim 29, line 1, change "any of the preceding claims" to -claim 1~. 
Claim 30, line 2, change "any of the preceding claims 1-29" to -claim 1-. 
Claim 31, line 5, change "any of claims 1-29" to -claim 1-. 
Claim 33, line 3, change "any of claims 1-29" to -claim 1-. 

REMARKS 

Claims 1-34 are pending. By this Preliminary Amendment, claims 4, 7-11, 15-16, 20- 
21, 24-31, and 34 are amended to eliminate multiple dependencies. Prompt and favorable 
examination on the merits is respectfully solicited. 

Respectfully submitted, 
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Screw actuator, and brake calliper comprising such actuator 
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The invention is related to a screw actuator, comprising an actuating member 
and a screw mechanism having a screw, nut and rolling elements, one of which screw 
5 and nut is rotatably supported with respect to the housing and providing a linear 
movement of the actuating member with respect to the housing in response to a 
rotational movement of the motor, and a redaction gear means. 



Such screw actuator is known from fc¥0 A 960330]f f Said known screw 
actuator comprises a screw mechanism which is supported with respect to the housing 

10 by means of a bearing capable of accommodating axial and/or radial loads, e.g. an 
axial thrust bearing for accommodating the axial forces exerted on the brakepads. 

This screw mechanism is a so-called roller screw mechanism. Depending on 
the application condition constraints i.e. space available, and load, one can select a 
roller screw or a ball screw type actuator. Specific application considerations for a 

15 roller screw is that such roller screw mechanism provides a high power density, 
which means that within specific dimensional constraints, a relatively high load 
carrying capacity can be provided. Said carrying capacity however is predominantly 
related to axial loads. With respect to radial loads, the carrying capacity is less 
favourable compared to a ball screw. A roller screw mechanism is in general more 

20 sensitive with respect to radial loads and misalignment. 

Another specific component in a roller screw mechanism is the cage which is 
necessary to space the rollers. In high speed applications this cage mass results in 
higher starting torques. 



25 achieved in that the nut is fixed with respect to the housing, and the screw is 

rotatably supported with respect to the housing by means of the rolling elements. 
Said rolling elements may comprise rollers or balls. 

In order to obtain about the same load bearing capacity as in a roller screw 
mechanism, the pitch diameter of the rolling balls, the ball diameter and its contact 

30 angle with screw and nut, and the number of turns should be designed such that 
appropriate dimensions and the required load carrying capacity are provided. 
However, as the rolling elements of the screw mechanism can also act as bearing 
elements for supporting the rotating screw, no separate bearing is necessary to take 




The object of the invention is to provide an improved actuator. This object is 
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up the axial load. As a result, the overall dimensions for a ball screw mechanism may 
remain limited in order to meet application requirements. 

The ball screw mechanism is less sensitive with respect to radial loads, which 
makes it less vulnerable for misalignments. Also, no cage is needed for recirculation 
5 of the balls. Instead, recirculation of the balls may be obtained by means of 

recirculation tube or hole plug between the first and the last ball row or for each ball 
turn. 

The axial moving and rotating screw according to the invention may be 
driven by the reduction gear means through a coupling means which allows axial 

10 displacements. Said coupling means may comprise a drive shaft accommodated 
within a bore in the screw, the surface of the drive shaft and the bore having axial 
grooves which engage each other through balls or splines. 

The screw may engage the actuating member through a bearing capable to 
cope with radial and axial load in order to stop the rotating motion in relation to the 

15 moving actuating member. 

The reduction gear means is preferably contained in a reduction gear module 
and the screw mechanism is contained in a screw mechanism module. 

The actuating member may be executed as a piston, which is slidably held 
within a cylinder space of the housing. Said piston can be held non-rotatably by 

20 means of a groove and pin assembly. The motor drive module can be mounted in-line 
with the actuator or in angled position. 

For a right angle position of the motor module, the reduction gear means may 
comprise one or more reduction steps with at least part of a planetary gear system 
having a stationary outer ring gear wheel with inwardly pointing gear teeth. In 

25 particular, the reduction gear means may comprise satellite gear wheels which mesh 
with the ring gear wheel and which are accommodated on a carrier connected to a 
rotary shaft engaging the screw mechanism, and the sun gear wheel of the planetary 
gear system may be accommodated on a drive shaft of the drive module. This system 
provides an optimal axial compactness of the application. 

30 The sun gear wheel of the reduction gear means is connected to an angled or 

right angle gear reduction e.g. a bevel gear which mates with a motor driven bevel 
pinion. Said sun gear wheel and the bevel gear are carried out as a unitary gear 
wheel which is supported with respect to the nut of the screw mechanism by means 
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of a rolling element bearing. In order to achieve an appropriate reduction, the pitch 
diameter of the bevel gear is larger than the pitch diameter of the sun gear wheel. 

Furthermore, a sensor fixed on a bearing or near the motorshaft may be 
provided for detecting rotational and/or translational movements of the screw 

5 mechanism or other operating parameters. Also, control means may be provided, said 
control means having an input for a control signal, e.g. from a brake pedal, and being 
connected to the sensor for controlling the electric motor on the basis of the control 
signal and the signal from the sensor. The sensor is in particular suitable for 
obtaining force feedback, wear compensation and/or maintenance indication. 

10 The actuator according to the invention can be applied for different purposes. 

In particular, the actuator is suitable for use in a brake calliper for an electrically 
actuatable disc brake, said calliper comprising an actuator as described before, and a 
claw piece carrying two opposite brake pads, said actuator comprising a screw and a 
nut one of which is rotatably supported with respect to the housing by means of an 

15 angular bearing, and a reduction gear means. 

The invention will further be described with reference to the embodiments of 
figures 1 and 2. 

Figure 1 shows a brake calliper, comprising an actuator according to the 
invention, in exploded view. 
20 Figure 2 shows the brake calliper according to figure 1, in assembled state. 

Figure 3 shows a detail. 
Figure 4 shows a detail of the ball screw. 
\ Figure - 5 showG a further embodiment. \ 
The brake calliper shown in figures 1 and 2 comprises a claw piece 1 carrying 
25 a fixed brake pad 2 and a displaceable brake pad 3. Said brake pads 2, 3 can be 
brought into co-operation with brake disc 4. 

The displaceable brake pad 3 engages a ball screw mechanism 5 which by 
means of reduction gear means 6 is driven by motor 7. Said motor 7 may be 
provided with a sensor 40, connected to the motor shaft. 
30 More in particular, the displaceable brake pad 3 is connected by means of bolt 

8 and screwthreaded hole 9 to an actuating member 10. Said actuating member 10 
engages the screw 11 by means of ak bearing 12 capable to take up axial load. Said 
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actuating member is carried out as a piston 10, which is slidably, but non-rotatably 
held in a cylinder space 38 in the housing 17. 

By means of balls 13, screw 1 1 engages the nut 14. Said nut 14 has an 
external screwthread 15, by means of which the nut 14 is connected to the housing 
5 17. Moreover, a recirculating tube 18 for recirculating the balls 13 upon rotating the 
screw 11 with respect to said nut 14, extends through the nut. 

The screw 11 has a bore 37 with internal grooves 19, which engage balls 20. 
Said balls 20 also engage the external grooves 21 of drive shaft 22. 

By rotating drive shaft 22 through reduction gear means 6 and motor 7, the 

10 screw 11 is rotated as well. As a result, it is displaced backward or forward by the 

co-operation of its screw type groove 23 with the screw type groove 24 of the nut 

i 3 

14, by means of the balls HI 
11 

Drive shaft 23 is connected to a carrier 25, which carries satellite gear wheels 
26. Said satellite gear wheels 26 each engage a ring gear wheel 27 as well as a sun 
15 gear wheel 28. 

Sun gear wheel 28 forms a unity with bevel gear 29 which together form a 
unitary gear wheel 30. Said unitary gear wheel 30 by means of bearing 31 is 
supported with respect to the nut 14. 

The bevel gear 29 engages the bevel pinion VC y which in turn is driven by 

20 motor 7. 

The bearing 31, which supports the unitary gear wheel with respect to the nut 
14, comprises a sensor 33 for detecting the rotations of the screw mechanism, and 
thereby the displacement of the displaceable brake pad 3. 

Housing 17 comprises a bore 34, through which a wire can be guided to the 
25 outside from said sensor 33. 

The carrier 25 is supported with respect to the housing 17 by means of bearing 
35; by means of bolts 36, motor 7 is connected to said housing 17. 

According to the detail of figure 3, the connection between brake pad 3 and 
piston 10 may alternatively be obtained through edges i*3f which are slidable mounted 
30 in grooves 43. of piston 10. 

In order to accommodate the axial forces exerted on the ball screw mechanism 
when applying a brake force on the brake pads 2,3, the screw threads 23, 24 of screw 
11 respectively nut 14 can be adapted according to the embodiment shown in figure 



5 

4. In cross-section, the threads 23 have raised parts 51, whereas the threads 24 have 
raised parts 52. 

As a result of these shapes, the working lines 50 as defined by the contact 
angles and the ball conformity with the ball tracks, which define the load paths which 
5 play a role in force transfer, are in a more inclined position. The contact angle is 
between 45-70° in order to create optimized load carrying capacity for the ball screw 
in relation to the applied load specification. 

The embodiment of figure 5 comprises a motor 61, having a stator 53 ar^a 
rotor 54 connected to a sleeve 55. The sleeve 55 is connected through the 
10 intermediate piece 56 to drive shaft 22. Alternatively, the sleeve 55 may^be connected 
to the drive shaft 22 through a gear reduction. 

Drive shaft 22 drives screw 11 of screw mechanism 5, though the groove 21, 
19 in the respectively the drive shaft 22 and the screw 1 l y jts well as through the 
balls 20 accommodated in said grooves 21, 19. 
15 Via thrust bearing 69, the screw 11 can be cpfinected to e.g. a brake pad in 

case of an actuator applied in a claw piece. Thpahrust bearing 69 comprises two 
rings 67, 68, and balls 12. One of the rings/o7 may from a unity with the screw 11. 
The other ring 68 may comprise a lockijag groove 66 for locking a brake pad (not 
shown) thereto. 

20 The screw 1 1 is rotatably a6d translatably held in a cylinder space 59 defined 

by insert ring 58 inserted in nm 14 of the screw mechanism 5. Nut 14 and screw 11 
of screw mechanism 5 engage eac h other through balls 13, accommodated in 
respective screwthreadeja threads of nut 14 and screw 11. 

Sleeve 55 contacted to rotor 54 of motor 61 is rotatably supported on the 
25 fixed nut 14 by n^ans of bearings 63. These bearings have an outer race 

accommodatecnn the sleeve 55, and an inner ring 57 having appropriate raceways as 
well. The ufner ring 57 is locked by means of locking ring 65. Furthermore, these 
bearingsr 53 have balls 64. 

Alternatively, two separate standard ball or roller bearings may be applied. 
30 / The housing of the actuator is indicated by reference number 62. 
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Claims 

1. Screw actuator, comprising a housing (17), a motor (7), an actuating 
member (10) and a screw mechanism (5) which provides a linear movement of the 

5 actuating member with respect to the housing in response to a rotational movement of 
the motor (7), which screw mechanism (5) comprises a screw (1 1), a nut (14) 
engaging each other by rolling elements (13), one of said screw (11) and nut (14) 
being rotatably supported with respect to the housing (17), and a reduction gear 
means (6), characterized in that the nut (14) is fixed with respect to the housing (17), 

10 and the screw (11) is rotatably supported with respect to the housing by means of the 
rolling elements (13). 

2. Actuator according to claim 1, wherein the screw (11) is rotationally driven 
by the reduction gear means (6) through a coupling means (19-22) which allows axial 

15 displacements. 

3. Actuator according to claim 2, wherein the coupling means comprises a 
shaft (22) accommodated within a bore (37) in the screw (1 1), the surface of the 
shaft (22) and bore having axial grooves (19, 21) which engage each other through 

20 balls (20). 

4. Actuator according to any of the preceding claims, wherein the reduction 
gear means (6) is contained in a reduction gear module and the screw mechanism (5) 
is contained in a screw mechanism module. 



25 



5. Actuator according to claim 4, wherein the reduction gear means (6) 
comprises at least two gear reduction steps. 



30 



6. Actuator according to claim 6, wherein the reduction gear means comprises 
gear reduction steps of a different type, such as a planetary gear reduction step (25- 
28) and a right angle gear reduction step (28-31). 
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7. Actuator according to any of the preceding claims, wherein the screw (1 1) 
engages the actuating member (10) through a bearing (12) capable to carry axial 
and/or radial load. 

5 8. Actuator according to any of claims 1-6, wherein the screw (11) is rigidly 

connected to the actuating member (10). 

9. Actuator according to any of the preceding claims, wherein the actuating 
member is a piston (10), which is slidably held within a cylinder space (38, 59) of 

10 the housing (17). 

10. Actuator according to claim 7 and 9, wherein the piston (10) is held non- 
rotatably by means of a groove and pin assembly, or by means of a ball/groove 
assembly. 

15 

11. Actuator according to claims 8 and 9, wherein the piston (10) is rotatably 
held within the cylinder space (38). 

12. Actuator according to claim 9, wherein the cylinder space (59) is formed 
20 in the nut (14). 

13. Actuator according to claim 4, wherein the modules are axially aligned. 

14. Actuator according to claim 4, wherein the modules are in laterally shifted 
25 positions^ ^ cx<<z ia_VercJUt^ ^kr^Veol bU fexp^f- l-^ 

15. Actuator according to any of the preceding claims, wherein one or two 

\ laterally 3hiftod ( motors are provided x t*j U-c c\ a r <> Q.O. \-<BrcJU^ :r P l-e*t 
Lo\\:W reject tWe_CLx?r Hjg. scre^ fKeckQ^T^n (s^). 

30 16. Actuator according any of the preceding claims 4-15, wherein the 

reduction gear means (6) comprises at least part of a planetary gear system having a 
stationary outer ring gear (27) with inwardly pointing gear teeth. 



MX*** 
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17. Actuator according to claim 16, wherein the reduction gear means 
comprises satellite gear wheels (26) which mesh with the ring gear (27) and which 
are accommodated on a carrier (25) connected to the shaft (22) engaging the screw 
mechanism (15). 

5 

18. Actuator according to claim 17, wherein the sun gear wheel (28) of the 
reduction gear means (6) is connected to a bevel gear (29) which mates with a motor 
gear, e.g. an angled or right angled gear transmission (32), 

10 19. Actuator according to claim 18, wherein the sun gear wheel (28) and the 

bevel gear (29) are carried out as a unitary gear wheel (30) which is supported with 
respect to the nut (14) of the screw mechanism (5) by means of a rolling element 
bearing (31). 

15 20. Actuator according to claim 18 or 19, wherein the pitch diameter of the 

bevel gear (29) is larger than the pitch diameter of the sun gear wheel (28). 

21. Actuator according to any of the preceding claims, wherein a sensor (33) is 
provided for detecting rotational and/or translational movements of the screw 
20 mechanism (5). 



22. Actuator according to claim 21, wherein control means are provided, said 
control means having an input for a control signal, e.g. from a brake pedal, and being 
connected to the sensor (33) for controlling the electric motor (7) on the basis of the 

25 control signal and the signal from the sensor (33). 

23. Actuator according to claim 22, wherein the control device is arranged for 
providing a maintenance indication signal. 



30 



24. Actuator according to any of the preceding claims, wherein balls or rollers 
(13) of the screw mechanism (5) are coated so as to maintain the proper function of 
the screw (11) under dry-running conditions such as a diamond-like carbon coating. 
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25. Actuator according to any of the preceding claims, wherein the motor (7) 
is an electric motor. 



26. Actuator according to any of claims 1-24, wherein the motor (7) is a 
5 hydraulic motor. 

27. Actuator according to any of claims 1-24, wherein fee motor (7) is a 
pneumatic motor. 

10 28. Actuator according to any of the preceding claims, wherein at least one of 

the screw, nut, rolling elements and/or reduction gear components is obtained by hard 
turning. 

29. Actuator according to any of the preceding claims, wherein the screw 
15 mechanism comprises rolling balls, and the grooves in the screw and nut are arranged 
for adapted contact angles in view of improved axial load bearing capacity. 



30. Reduction gear module for use in the actuator according to any of < 

2-27. 

20 

31. Screw mechanism module for use Jrjjtiwractuator according to any of 
claims 2-27. 

32 > JM^e"module for use in the actuator according to any of claims 2-29. 

25 

33. Brake calliper for an electrically actuatable disc brake, said calliper 
comprising an actuator according to any of the preceding claims 1-29, and a claw 
piece (1) carrying two opposite brake pads (2, 3), said actuator comprising a screw 
mechanism (5) the screw (11) of which is rotatably supported with respect to the 
30 housing (17) by means of the balls (23) of the screw mechanism (5), a reduction gear 
means (6) and a motor (7). 



***** 



"7 



10 

34; Continuously variable transmission comprising two pulleys which each 
have two discs enclosing a V-shaped groove, as well as a belt engaging said grooves, 
the discs of each pulley being movable towards and away from each other so as to 
continually change the running radius of the belt, wherein the discs of each pulley are 
5 displaceable by means of an actuator according to any of claims 1-29. 

JSrS. Continuously variable transmission according to claim 34; wherein the 
drive of the discs comprises hydraulic means. 

33 31 
10 y&i Continuously variable transmission according to claim 34; wherein the 

drive of the discs comprises mechanical means. 
2*1 

Clutch, comprising two clutch plates which can be brought into frictional 
engagement for transferring a drive couple, said clutch plates being connected tc^lgi 
15 shaf^ comprising an actuator according to any of claims 1-29, said actuator having a 
hollow screw which accommodates one of the shafts. 
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